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,QWURGXFWLRQ
&LWLHVGXHWRUDSLGJURZLQJDQGWKHFRQFHQWUDWLRQRISRSXODWLRQDUHHVSHFLDOO\YXOQHUDEOHWRFOLPDWHFKDQJHLPSDFW
'XHWRWKLVIDFWLWLVDFNQRZOHGJHGWKHQHFHVVLW\WRFRQFHQWUDWHHIIRUWVLQDGDSWDWLRQVWUDWHJLHVLQFLWLHVWRIDFHQHZ
ZHDWKHU FRQGLWLRQV FDXVHGE\JOREDOZDUQLQJ&OLPDWH FKDQJH VFHQDULRV VXJJHVW DYHUDJH DQQXDO WHPSHUDWXUHPD\
LQFUHDVHE\EHWZHHQ&DQG&E\VZLWKDQLQFUHDVHLQVXPPHUWHPSHUDWXUHPRUHVLJQLILFDQWWKDQLQZLQWHU
8UEDQDUHDVDUHJHQHUDOO\LQIOXHQFHGE\8UEDQ+HDW,VODQG8+,HIIHFWZKLFKPHDQVDQLQFUHDVHRIWHPSHUDWXUHZLWK
UHJDUGWRWKHLUVXUURXQGLQJV7KXVFOLPDWHFKDQJHZRXOGVLJQLILFDQWO\LPSDFWLQXUEDQPLFURFOLPDWHWKDQH[SHFWHGLQ
UXUDODUHDV>@7KHLQWHQVLW\RI8+,HIIHFWYDULHVLQWLPHDQGVSDFHDVUHVXOWRIPHWHRURORJLFDO ORFDWLRQDQGXUEDQ
FKDUDFWHULVWLFV>@8UEDQPRUSKRORJ\VRLOPDWHULDOVDQWKURSRJHQLFHPLVVLRQVDQGYHJHWDWLRQKDYHDQLQIOXHQFHRQ
WKHHQYLURQPHQWDOSHUIRUPDQFHDWPLFURVFDOH
1XPHURXVDUH WKHVWXGLHV WKDWFRQVLGHUJOREDOZDUPLQJ LQFUHDVHRIHPLVVLRQVDQGVFDUFLW\RIQDWXUDOUHVRXUFHV
VLQFHWKHFUHDWLRQRIWKH,QWHUJRYHUQPHQWDO3DQHORQ&OLPDWH&KDQJH,3&&LQZKLFKKDVUHFHQWO\SXEOLVKHG
LWV)LIWK$VVHVVPHQW5HSRUW$5>@,QWKLVOLQHVXQGU\SUHGLFWLRQPRGHOVKDYHEHHQJHQHUDWHGIRUYDULRXVFOLPDWH
VFHQDULRV&XUUHQWO\,3&&VXSSRUWHGE\8QLWHG1DWLRQV(QYLURQPHQW3URJUDPPH81(3DQG:RUOG0HWHRURORJLFDO
2UJDQL]DWLRQ:02ZKLFK LV WKHPRVWZLGHO\DFFHSWHGRUJDQL]DWLRQ LQ WKLVPDWWHUHQYLVDJHVPXOWLSOHHPLVVLRQ
VFHQDULRV>@IRUWKHQHDUIXWXUH\HDUVDQG-HQWVFKHWDO>@FRQFOXGHGWKDWPRUSKLQJDFWXDOZHDWKHU
ILOHVLQIRUPDW(QHUJ\3OXV(63U:HDWKHU(3:ZLWKSUHYLVLRQVIURP,3&&XVLQJ+DG&0ILOHVIRUWKHVFHQDULR$
JLYHVDFRQVLVWHQWEDVHWRFDOFXODWHYDULDWLRQVLQHQHUJ\GHPDQGIRUEXLOGLQJV2WKHUDXWKRUVKDYHDOVRPDGHVLJQLILFDQW
FRQWULEXWLRQVRQWKHWHFKQLFDODVSHFWVRIWKHPRUSKLQJSURFHVVRIZHDWKHUILOHV>@JLYLQJDUHOLDEOHWHFKQLFDOEDVH
WRXQGHUWDNHWKLVUHVHDUFK
7KHDLPRIWKLVSDSHULVDGYDQFHLQWKHNQRZOHGJHRIXUEDQPLFURFOLPDWHFUHDWLRQDQGDSSUDLVHVLWVLPSDFWLQFOLPDWH
FKDQJHVFHQDULRV(QYLURQPHQWDOXQFHUWDLQWLHVSRVHQHZFKDOOHQJHVWRSODQQHUVZKLFKVKRXOGXVHGLIIHUHQWDSSURDFKHV
IRUFLWLHVDGDSWDWLRQ7KHDFWXDOQHHGIRUSROLFLHVRULHQWHGWRZDUGVFOLPDWHFKDQJHPLWLJDWLRQLVDNH\UROHIRUUHGXFLQJ
XUEDQYXOQHUDELOLW\DQGHQKDQFLQJFLWLHVDGDSWDWLRQ
1XPHULFDOPRGHOV
2.1. Climate Change Forecasting 
:HDWKHUGDWDILOHVDUHREWDLQHGE\0HWHRUQRP7DEOH7KHGDWDDUHH[SRUWHGWR(QHUJ\3OXV:HDWKHU(3:
IRUPDW7KLVILOHKDVEHHQXVHGIRUPRGHOFDOOHG³FXUUHQW´ZKRVHGDWDILOHVFRPSULVHDYHUDJHYDOXHVIRUWKHSHULRG
)XWXUH VFHQDULRVKDYHEHHQPRGHOOHG WDNLQJ LQWRDFFRXQW WKH VXLWDELOLW\RI WKHPRGHO8.0HW2IILFH
+DGOH\&HQWUH&RXSOHG0RGHO+DG&0>@DQGZKLFKWDNHVLQWRDFFRXQWWKHFRPELQDWLRQRI$D$EDQG$F
SDWWHUQV7KURXJKWKH&&:RUOG:HDWKHU*HQSURJUDP>@EDVHGRQWKHVWXGLHVRI%HOFKHUHWDO>@(3:ILOHIRU
WKHEDVHVFHQDULRLV³PRUSKHG´ZLWKWKH*+*$HPLVVLRQVVFHQDULRREWDLQLQJGDWDIRUWKH\HDUVDQG
7DEOH
2.2. Description of ENVI-met model 
$GYDQFHV RQ FRPSXWHU UHVROXWLRQ FDSDFLW\ DOORZV DGGLQJ FRPSOH[LW\ WR QRQOLQHDULW\ XUEDQ FOLPDWH PRGHOV
1XPHULFDO VLPXODWLRQV KDYH WKH DGYDQWDJH RI SHUIRUP DQG FRPSDUHPXOWLSOH LWHUDWLRQV LQ RUGHU WR SURYLGH EHWWHU
VROXWLRQVIRULPSURYLQJORFDOPLFURFOLPDWH>@
7KHUHDUHGLIIHUHQWDSSURDFKHV WRVLPXODWHXUEDQFOLPDWHZKLFKGLIIHUVXEVWDQWLDOO\DFFRUGLQJ WR WKHLUSK\VLFDO
FRQWH[W DQG WKHLU WHPSRUDO DQG VSDWLDO VFDOH >@ 7KHPRVW XVHG DW QHLJKERXUKRRG VFDOH PLFURVFDOH LV WKH
&RPSXWDWLRQDO )OXLG '\QDPLF DSSURDFK &)' WKDW DOORZHG VLPXODWH HQHUJ\ DQG IORZ GLVWULEXWLRQ EHWZHHQ
DWPRVSKHUHDQGVXUIDFHV$PRQJWKHFXUUHQWVRIWZDUH(19,PHWUXQVDWKUHHGLPHQVLRQDOQRQK\GURVWDWLFPRGHO
GHYHORSHGWRVLPXODWHWKHVWDWHRIDWPRVSKHUHWDNLQJLQWRDFFRXQWWKHLQIOXHQFHRIEXLOGLQJVVXUIDFHVYHJHWDWLRQVRLO
FKDUDFWHULVWLFVDQGFOLPDWHFRQWRXUFRQGLWLRQV>@7KHODVWYHUVLRQRI(19,PHWYFRQVLGHUVDWPRVSKHULF
WHPSRUDOYDULDWLRQDQGFRQVHTXHQWO\DEHWWHUFKDUDFWHUL]DWLRQRIUHDOFRQGLWLRQVZLWKUHJDUGWRWKHGDLO\WHPSHUDWXUH
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YDULDWLRQ7KDQNVWRWKLVQHZLPSURYHPHQWLWLVSRVVLEOHWRVLPXODWHIXWXUHFOLPDWLFVFHQDULRVFRQGLWLRQVDVVHVVLQJ
WKHLPSDFWRIFOLPDWHFKDQJHZLWKLQXUEDQHQYLURQPHQW
7DEOH$YHUDJHHQYLURQPHQWDOSDUDPHWHUVLQ&RQFHSFLyQ&XUUHQWDQG$*+*VFHQDULRVIRUDQG
3DUDPHWHU <HDU $QQXDO -DQ )HE 0DU $SU 0D\ -XQ -XO $XJ 6HS 2FW 1RY 'HF
$LU7HPSHUDWXUH
&
&XUUHQW             
             
             
             
5HODWLYH
+XPLGLW\
&XUUHQW             
             
             
             
*OREDO
+RUL]RQWDO
5DGLDWLRQ
:KP
&XUUHQW             
             
             
             
0HWKRGRORJ\
3.1. Description of Case Study 
3.1.1. Current and future climate 
7KHFDVHVWXG\DQDO\VHGLQWKLVUHVHDUFKLVWKH3OD]DGH$UPDVVTXDUHLQ&RQFHSFLyQ&KLOH&RQFHSFLyQLVORFDWHG
DW¶6DQG¶:ZLWKDQDYHUDJHHOHYDWLRQDERXWP7KHUHJLRQDOFOLPDWHLV0HGLWHUUDQHDQZLWKRFHDQLF
LQIOXHQFHE\PHDQVRI.|SSHQFODVVLILFDWLRQ
$LUWHPSHUDWXUHUDUHO\H[FHHG&RUIDOOEHORZ&ZLWKDQDQQXDODYHUDJHRI&'XHWRFOLPDWHFKDQJHDLU
WHPSHUDWXUHZLOOLQFUHDVH&7DEOHEHLQJPRUHSURQRXQFHGGXULQJVXPPHUSHULRGV5HODWLYHKXPLGLW\WHQGVWR
UHGXFHIURPWKHDYHUDJHDQQXDOSHUFHQWDJHRIWR*OREDO+RUL]RQWDO5DGLDWLRQZLOOVFDUFHO\LQFUHDVH
DFFRUGLQJWR,3&&
D

E
)LJD$HULDOYLHZDQGESLFWXUHRI3OD]DGH$UPDVVTXDUH6RXUFH*RRJOH'LJLWDO*OREH
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3.1.2. The urban morphology 
7KH3OD]DGH$UPDVLVDVTXDUHORFDWHGLQWKHFLW\FHQWUHZLWKVTXDUHIRUPIROORZLQJWKHUHJXODUJULGRIGRZQWRZQ
7KHVTXDUHLVFKDUDFWHUL]HGE\DFLUFXODUIRXQWDLQLQWKHFHQWUHDQGJUHHQVSDFHVZLWKWDOOWUHHVDORQJWKHSHULPHWHU
WKHSHGHVWULDQVSDFHXVHJUH\FRQFUHWHDVVRLO%XLOGLQJVWKDWVXUURXQGWKHVTXDUHDUHGLIIHUHQWLQPRUSKRORJ\DQG
KHLJKWIURPIORRUVWRIORRUV)LJ7KHVTXDUHLVORFDWHGLQDQLPSRUWDQWFRPPHUFLDODUHDRIWKHFLW\LWLVDQ
HPEOHPDWLFVSDFHIRUFLWL]HQVRFLDOFRKHVLRQ7KHPRUSKRORJ\PDWHULDOVDQGFXUUHQWXVHRIWKHVTXDUHDUHUHPDUNDEO\
VLPLODUWRRWKHUVLQ&KLOH>@UHSUHVHQWLQJWKHILUVWPHHWLQJSRLQWIRUWKHFLW\)RUWKLVUHDVRQ3OD]DGH$UPDVKDV
EHHQFKRVHDVUHSUHVHQWDWLYHFDVHVWXG\WRHYDOXDWHFOLPDWHFKDQJHLPSDFWRQXUEDQPLFURFOLPDWH
3.2. Model evaluation 
7RHYDOXDWHWKHLPSDFWRIFOLPDWHFKDQJHDWXUEDQVFDOHD'PRGHOKDVEHHQPRGHOOHGDQGVLPXODWHGLQGLIIHUHQW
FOLPDWHVFHQDULRV7KH'PRGHOGRPDLQZDVGHILQHGDFFRUGLQJWRUHDOPRUSKRORJ\RI3OD]DGH$UPDVDQGFDSDFLW\
RIV\VWHPZLWKKRUL]RQWDOGLPHQVLRQHTXDOWR[PGLVFUHWL]HGLQUHJXODU[PJULG

D

E


F

G

)LJ5HVXOWRIVLPXODWLRQDLUWHPSHUDWXUHPDSKRUL]RQWDOYLHZD&XUUHQWVWDWHZLWKLQGLFDWLRQRIWKHWKUHHVWDWLRQDQGYHUWLFDOVHFWLRQ
EVFHQDULRFVFHQDULRGVFHQDULR
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7KHYHUWLFDOGRPDLQZDVHVWDEOLVKHGHTXLGLVWDQWZLWKPYHUWLFDOJULGVL]HIRUWKHORZHVWJULGFHOODQGPIRUWKH
RWKHUV&)'VLPXODWLRQVZHUHFDUULHGRXWDWORFDOWLPHLH87&GXULQJKREWDLQLQJWKHUPDOSHUIRUPDQFH
GXULQJDUHSUHVHQWDWLYHGD\LQVXPPHUZKLFKFRLQFLGHVZLWKDKLJKDYHUDJHRIDLUWHPSHUDWXUHWKDWLVWK-DQXDU\
5HVXOWVDQG'LVFXVVLRQV
7KHUHVXOWVRI&')VLPXODWLRQVVKRZGLIIHUHQWWKHUPDOFRQGLWLRQLQWKHDUHDPRUHVLJQLILFDQWEHWZHHQWKHVTXDUH
DQGSHGHVWULDQVWUHHWVDQGWKRVHVWUHHWVZLWKYHKLFXODUWUDIILFVXFKDV2¶+LJJLQVDQG$QLEDO3LQWR6WUHHW7KHVTXDUH
SUHVHQWV ORZHU WHPSHUDWXUHVGXH WR WKHSUHVHQFHRIJUHHQ VSDFHV HVSHFLDOO\ WDOO WUHHVZKLFKSURYLGH VKDGLQJ DQG
WHPSHUDWXUHPLWLJDWLRQ WKDQNV WRHYDSRWUDQVSLUDWLRQ:KLOHURDGVWUHHWVZLWKEODFNVXUIDFHPDWHULDOVVKRZKLJKHU
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%\FRPSDULQJLQLWLDOPHWHRURORJLFDOGDWDIURP&DUULHO6XU$LUSRUWPHDVXUHPHQWDQGWKHVLPXODWLRQUHVXOWVWKH
HIIHFW RI XUEDQ HQYLURQPHQW RQ FOLPDWH DW WKH PLFURVFDOH FDQ EH VXPPDULVHG LQ D WHPSHUDWXUH LQFUHDVH PRUH
VLJQLILFDQW GXULQJ WKH QLJKW DQG D UHGXFWLRQ LQ UHODWLYH KXPLGLW\ DQG ZLQG VSHHG 7KLV PHDQV WKDW WKH XUEDQ
PLFURFOLPDWH FUHDWHV E\ W\SLFDO VTXDUHJULG PRUSKRORJ\ LV FKDUDFWHUL]HG E\ WKH GHFUHDVH RI GDLO\ WHPSHUDWXUH
DPSOLWXGHDQGUHGXFWLRQRIZLQGVSHHGWKDWXVXDOO\SURPRWHKHDWGLVSHUVLRQGXULQJWKHQLJKW7KHVDPHEHKDYLRXULV
PDLQWDLQHGLQWKHRWKHUVFHQDULRV
%\FRPSDULQJWKHVFHQDULRVRIHDFKRWKHUWKHLQFUHDVHRIWHPSHUDWXUHLVWKHPRVWVLJQLILFDQWUHVXOW:LWKUHJDUGWR
WKHFXUUHQWVWDWHWKHVLPXODWLRQVUHVXOWVVKRZDQLQFUHPHQWLQDYHUDJHWHPSHUDWXUHDURXQG&&DQG&
IRUDQGVFHQDULRVUHVSHFWLYHO\7KHDYHUDJHUHODWLYHKXPLGLW\UHGXFWLRQLVHTXDOWR
DQGIRUDQGUHVSHFWLYHO\
9HUWLFDOVHFWLRQVSURYLGHLQWHUHVWLQJUHVXOWVDERXWDLUWHPSHUDWXUHEHKDYLRXULQERWKVTXDUHDQGXUEDQFDQ\RQV7KH
UHVXOWRIFXUUHQWVWDWH)LJDVKRZVORZHUWHPSHUDWXUHQHDUWKHVRLOLQWKHVTXDUHDUHD,QWKHDQG
VFHQDULRVWKHWHPSHUDWXUHLQFUHDVHQRWRQO\DWJURXQGOHYHOEXWDOVRDWXSSHUOHYHOVZLWKPRUHLQWHQVLW\7KHPRVW
VLJQLILFDQWFKDQJHLVSURGXFHGLQWRXUEDQFDQ\RQFRPSDULQJFXUUHQWFRQGLWLRQVDQGVFHQDULRWKHGLIIHUHQFHRI
WHPSHUDWXUHLVDURXQG&DWVRLOOHYHODQG&XSWRURRIOHYHOP7KLVDGYLVHVWKDWLQDGGLWLRQWRWKH
LQFUHDVHRIWHPSHUDWXUHWKHEXLOWHQYLURQPHQWSURGXFHDKHDWVWRUDJHHIIHFWWKXVDPSOLI\LQJXQIDYRXUDEOHFRQGLWLRQV
LQXUEDQDUHDV
&RQFOXVLRQV
7KLV UHVHDUFK TXDQWLILHV WKH LPSDFW RI FOLPDWH FKDQJH RQ XUEDQ HQYLURQPHQW DQG HVSHFLDOO\ RQ W\SLFDO XUEDQ
PRUSKRORJ\RI/DWLQ$PHULFDQFLWLHVE\PHDQVRIPRGHOOLQJDQG&')VLPXODWLRQV)XWXUHFOLPDWH VFHQDULRVZLOO
DIIHFW XUEDQ HQYLURQPHQW LQFUHDVLQJ WHPSHUDWXUH DQG UHGXFLQJ PRLVWXUH LQ RXWGRRU VSDFHV $W JURXQG OHYHO
XQIDYRXUDEOH WKHUPDO FRQGLWLRQV LQIOXHQFHV RQ ZKHWKHU WR XVH RU QRW WKH SXEOLF VSDFH 0RUHRYHU FKDQJHV RQ
WHPSHUDWXUHGLVWULEXWLRQEHWZHHQVRLODQGWKHWRSRIEXLOGLQJVZLOODIIHFWWKHKHDWH[FKDQJHEHWZHHQDLUDQGEXLOGLQJV
6LPXODWLRQUHVXOWVKLJKOLJKWWKHPLWLJDWLRQHIIHFWSURGXFHGE\JUHHQDUHDVWKHWHPSHUDWXUHGLIIHUHQFHEHWZHHQJUHHQ
DUHDV6TXDUHDQGWKHVWUHHW2¶+LJJLQVLQHDFKVFHQDULRLVDURXQGWR&DWSPPD[WHPSDQGDURXQG&DW
DPPLQWHPS,QDGGLWLRQWKHKHDWVWRUDJHLQWRXUEDQFDQ\RQVXJJHVWVWKDWPLWLJDWLRQPHDVXUHVVKRXOGWREH
RULHQWHGWRZDUGUHGXFLQJKHDWJDLQVLQVXPPHUIRULQVWDQFHE\SURYLGLQJVKDGLQJV\VWHPV7KHLPSOHPHQWDWLRQRI
SDVVLYHVWUDWHJLHVDWXUEDQOHYHOZLOORXWFRPHXUEDQTXDOLW\EHWWHUPHQWDVZHOODVHQHUJ\VDYLQJ
7KLV UHVHDUFK LV DQ DSSUR[LPDWLRQ WR WKH XUEDQ VSDFH DGDSWDWLRQ WR FOLPDWH FKDQJH IXUWKHU VWXGLHV VKRXOG EH
FRQGXFWHGLQRUGHUWRLPSURYHWKHXQGHUVWDQGLQJRQFOLPDWHFKDQJHLPSDFWRQXUEDQPLFURFOLPDWH

5HIHUHQFHV
>@ 6(*LOO-)+DQGOH\$5(QQRV63DXOHLW$GDSWLQJFLWLHVIRUFOLPDWHFKDQJHWKHUROHRIWKHJUHHQLQIUDVWUXFWXUH%XLOW(QYLURQ
±GRLEHQY
>@ 752NH7KHUPDOHQYLURQPHQWLQXUEDQDUHDV6ZHGLVK&RXQFLOIRU%XLOGLQJ5HVHDUFK
>@ 06DQWDPRXULV13DSDQLNRODRX,/LYDGD,.RURQDNLV&*HRUJDNLV$$UJLULRX'1$VVLPDNRSRXORV2QWKHLPSDFWRIXUEDQ
FOLPDWHRQWKHHQHUJ\FRQVXPSWLRQRIEXLOGLQJV6RO(QHUJ\±
>@ ,3&&&OLPDWH&KDQJH6\QWKHVLV5HSRUW&RQWULEXWLRQRI:RUNLQJ*URXSV,,,DQG,,,WRWKH)LIWK$VVHVVPHQW5HSRUWRIWKH
,QWHUJRYHUQPHQWDO3DQHORQ&OLPDWH&KDQJH
>@ 69LMD\DYHQNDWDUDPDQ6,QL\DQ5*RLF$UHYLHZRIFOLPDWHFKDQJHPLWLJDWLRQDQGDGDSWDWLRQ5HQHZ6XVWDLQ(QHUJ\5HY
±GRLMUVHU
>@ 0)-HQWVFK$6%DKDM3$%-DPHV&OLPDWHFKDQJHIXWXUHSURRILQJRIEXLOGLQJV²*HQHUDWLRQDQGDVVHVVPHQWRIEXLOGLQJ
VLPXODWLRQZHDWKHUILOHV(QHUJ\%XLOG±GRLMHQEXLOG
>@ 0)-HQWVFK3$%-DPHV/%RXULNDV$6%DKDM7UDQVIRUPLQJH[LVWLQJZHDWKHUGDWDIRUZRUOGZLGHORFDWLRQVWRHQDEOHHQHUJ\DQG
EXLOGLQJSHUIRUPDQFHVLPXODWLRQXQGHUIXWXUHFOLPDWHV5HQHZ(QHUJ\±GRLMUHQHQH
>@ $/6&KDQ'HYHORSLQJIXWXUHKRXUO\ZHDWKHUILOHVIRUVWXG\LQJWKHLPSDFWRIFOLPDWHFKDQJHRQEXLOGLQJHQHUJ\SHUIRUPDQFHLQ
+RQJ.RQJ(QHUJ\%XLOG±GRLMHQEXLOG
2296   Irina Tumini and Carlos Rubio-Bellido /  Procedia Engineering  161 ( 2016 )  2290 – 2296 
>@ $0\ORQD7KHXVHRI8.&3WRSURGXFHZHDWKHUILOHVIRUEXLOGLQJVLPXODWLRQ%XLOG6HUY(QJ5HV7HFKQRO±
GRL
>@ /*XDQ3UHSDUDWLRQRIIXWXUHZHDWKHUGDWDWRVWXG\WKHLPSDFWRIFOLPDWHFKDQJHRQEXLOGLQJV%XLOG(QYLURQ±
GRLMEXLOGHQY
>@ 0(70HW2IILFH+DGOH\&HQWUHIRU&OLPDWH6FLHQFHDQG6HUYLFHVQGKWWSZZZPHWRIILFHJRYXNFOLPDWHJXLGHVFLHQFHVFLHQFH
EHKLQGFOLPDWHFKDQJHKDGOH\DFFHVVHG)HEUXDU\
>@ 6(%HOFKHU-1+DFNHU'63RZHOO&RQVWUXFWLQJGHVLJQZHDWKHUGDWDIRUIXWXUHFOLPDWHV%XLOG6HUY(QJ5HV7HFKQRO
±GRLEWRD
>@ -$OOHJULQL9'RUHU-&DUPHOLHW,QIOXHQFHRIPRUSKRORJLHVRQWKHPLFURFOLPDWHLQXUEDQQHLJKERXUKRRGV-:LQG(QJ,QG
$HURG\Q±GRLMMZHLD
>@ È*XO\iV-8QJHU$0DW]DUDNLV$VVHVVPHQWRIWKHPLFURFOLPDWLFDQGKXPDQFRPIRUWFRQGLWLRQVLQDFRPSOH[XUEDQHQYLURQPHQW
0RGHOOLQJDQGPHDVXUHPHQWV%XLOG(QYLURQ±GRLMEXLOGHQY
>@ ,7XPLQL7KH8UEDQ0LFURFOLPDWHLQ2SHQ6SDFH&DVHVWXGLHVLQ0DGULG&XDG,QYHVWLJ8UEDQtVWLFD
>@ '5RELQVRQ&RPSXWHU0RGHOOLQJIRU6XVWDLQDEOH8UEDQ'HVLJQ3K\VLFDO3ULQFLSOHV0HWKRGVDQG$SSOLFDWLRQV(DUWKVFDQ
>@ 0%UXVH+)OHHU6LPXODWLQJVXUIDFH±SODQW±DLULQWHUDFWLRQVLQVLGHXUEDQHQYLURQPHQWVZLWKDWKUHHGLPHQVLRQDOQXPHULFDOPRGHO
(QYLURQ0RGHO6RIWZ±
>@ -D$FHUR.+HUUDQ]3DVFXDO$FRPSDULVRQRIWKHUPDOFRPIRUWFRQGLWLRQVLQIRXUXUEDQVSDFHVE\PHDQVRIPHDVXUHPHQWVDQG
PRGHOOLQJWHFKQLTXHV%XLOG(QYLURQ±GRLMEXLOGHQY
>@ /,QRVWUR]D5%DXU(&VDSORYLFV8UEDQVSUDZODQGIUDJPHQWDWLRQLQ/DWLQ$PHULFD$G\QDPLFTXDQWLILFDWLRQDQGFKDUDFWHUL]DWLRQ
RIVSDWLDOSDWWHUQV-(QYLURQ0DQDJH±GRLMMHQYPDQ



